(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

23.10^002 Bulletin 2002/43 

(21) Application number 02008721.9 

(22) Dateof filing: 18.04.2002 * 



(11) EP 1 251 247 A1 

EUROPEAN PATENT APPLICATION 

(51) int CI7: F01N 3/022. B01 D 46/24 



(84) 


Designated Contracting States: 


• NIshimura, Mamoru, Intellectual Property Center 




AT BE CH CY DE DK ES Fl PR GB GR IE IT LI LU 


Karlya-city, Alchl-pref. 448-8661 (JP) 




MC NL PTSETR 


• Salto, Makoto, Intellectual Property Center 




Designated Extension States: 


Karlya-city, Aichl-pref. 448-8861 (JP) 




AL LT LV MK RO SI 








(74) Representative: 


(30) 


Priortty: 19.04.2001 JP 2001121441 


Leson, Thomas Johannes Alois, DIpl.-lng. 


07.03.2002 JP 2002062133 


Tiedtke-BQhling-Klnne & Partner GbR, 






TBK-Patent/ 


(71) 


Applicant: Dense Corporation 


Bavarlaring 4 




Karlya-city, Alchl-pref., 448-8661 (JP) 


80336 MQnehen (DE) 


(72) 


inventors: 




• 


ishlhara, Mlklo, Intellectual Property Center 






Kariya-clty, Aichl-pref. 448-8661 (JP) 





(54) Exhaust gas purifying filter 

(57) The present invention provides an exhaust gas 
purifying filter of which the plugs can be used as part of 
niter. 

The exhaust gas purifying filter of the present inven- 
tion has a honeycomb structure comprising a multitude 
of cells 1 0 each surrounded by walls 1 1 , each of the cells 



being stopped with a plug 2 on one end thereof. The 
walls 1 1 and the plugs 2 are all made of a porous mate- 
rial and value of M = (Ut) X (P1/P2) is in a range of 10 
< M < 90, where PI is the porosity of said walls 11 , P2 
Is the porosity of said plugs 2, t Is mean thickness of said 
walls 11 and L Is mean length of said plugs 2. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the invention 



[0001 1 The present invention relates to an exhaust gas puritying filter that is made of a ceramic material and is used 
for collecting particulate matter, such as fine carbon particles, emitted from Internal combustion engines. 

10 2. Description of the Related Art 

[00021 use of a honeycomb structure made of ceramic material Is viewed as promising as an exhaust gas purifying 
filter that collects, and then bums, the particulate matter, such as fine carbon particles, that are emitted by a diesel 
engine or the tike, so as to be regenerated. „ ^, « K^n^ii^mh 

»5 [00031 specifically, as shown In Fig. 3, an exhaust gas purifying filter 9 of the prior art has ce s ^0 of a hone^n* 
stnicturB ofwhich Is alternately stopped with a plug 95. On each end of the honeycomb stmcture. the plugs 95 are 
arranged In a checketworK pattern. Walls 98 are provided with a catalyst supported thereon .... 
[0004] With this constitution, as shown In Fig. 3 . exhaust gas 8 that has entered the cells 90 ^ scharg^d a^^^^ 
passing through the walls 98. while the particulate matter included in the exhaust gas 8 is captured the walte 98 so 

20 as to accumulate therein. The particulate matter that has accumulated Is bumed and removed by the action of the 
catalyst supported on the walls 98. so that the exhaust gas purifying titer 9 Is occasional^ '^'ZT^^\, to 
[00051 in order to further Improve the purification perfomiance of the exhaust gas purifying filter 9. It is eflecdve to 
ncrease the Inner surface area of the filter. This has been achieved by various '^^^f'^^ ^^^^^^^^"^^^^^^^^^ 
ness of the walls of the honeycomb structure, that constitutes the exhaust gas punfying filter, and decreasing the pitch 

25 of thecells. among others. However, although the methods based on decreasing tf^'^'^*^^ J''^;^*^'^,^^^^^'^®' 
there Is a limitation as the methods make It difficult to manufacture, and deaaase the strength of. ^tt^^; 
[00061 AS other means to Increase the filtering area than decreasing the thfclcness of the walls. It Is considered to 
be effective to use the plugs 95 as part of the filter. 

30 SUMMARY OF THE INVEIvrriON 

[00071 inconsideratlon of the problems of the prior art described above, the present invention has an objectto provide 
an exhaust gas purifying filter that can utilize the plugs as part of the filter. „„rf»,„„„ 
[0008] Aflist aspect of the Invention is an exhaust gas purifying filter made as a honeycomb stmcture comprising a 

35 multitude of cells each surrounded by walls, each of the cells being stopped with a plug on one end there°f^ 

[00091 The walls and the plugs of the exhaust gas purifying filter are all made of a porous material, and the value of 
M = (Ut) X {P1/P2) is in a range of 1 0 < M < 90. where P1 is the porosity of the walls. P2 is the porosity of the plugs, 
t Is mean thickness of the walls and L Is meanlength of the plugs. „.«,-o„r«..c 
[00101 m the exhaust gas purtfying fitter of the present Invention, the walls and the plugs are all made of the porous 

40 material, with the porosity and the size thereof satisfying the particular relationship n. , .h^r.„r«=it««f 

room That is the value of M calculated as (Ut) x (P1/P2) Is in a range of 10 < M < 90, where PI Is the porosity of 
hewiils.P2 IS the porosity of the plugs.tls mean thickness otthewallsandLls mean lengthom^^^^^^^ 
the exhaust gas purifying filter can be made in such a way that the exhaust gas can pass through the plugs while 
rJaSnlS^sS^ent M^^^^ of the plugs. As a result, the plugs can be used as part of the filter w;mo"t decr^^^^^^^ 

45 the strength of the plugs, so that the entire filtering area can be Increased and the pertomiance of the exhaust gas 
purifying filter as a whole can be improved. i^, „i„-.„ h« 

[00121 Mean values are used for t and L according to the present Invention. The value of porosity can be given by 
measuring the volume of the pores, by a mercury injection method, using a l^^^'^tf " 

used for t and L. it is not necessary for ail the plugs to satisfy the requirements descnbed above, it suff «es that at least 

50 the mean values provide for the particular range of the value of M. ^_ ^ ..^mn 

00131 A second aspect of the invention Is an exhaust gas purifying filter made in honeycomb structure comprising 
a multitude of cells each surrounded by walls, each of the cells being stopped with a plug on «"f «;ere^. 
[001 41 The walls and the plugs of the exhaust gas purifying filter are ail made of a porous material wherein at least 
50% Of the plugs have values of M2 = (L2/t) x (P1/P2) in a range of 10 < M2 < 90. where PI is the porosity of the 
55 walls, P2 is the porosity of the plugs, t is the mean thickness of the wails and 1^ is the length of each plug. 

[0015] in the exhaust gas purifying fitter of the present invention, at least 50% of the pkigs have values of M2 
calculated from the values of P2 and L2 of each of the plugs, the porosity P1 of the walls and the mean thickness t of 
the walls that fall within the particular range described above. This constitution can also Improve the purifying per- 
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rormance by utilizing the plugs as part of the filter. 
BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0016] 

Fig. 1 is a perspective view of the exhaust gas purifying filter of Example 1 of the invention. 
Fig. 2 shows the sectional structure of the exhaust gas purifying filter of Example 1 . 
Fig. 3 shows the sectional structure of the exhaust gas purifying filter of the prior art. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

^ [00171 In case the value of Mts iessthan 10 in the first aspect of the invention, the strength of the plugs is too low 

to be practically useful. When the value of M Is more than 90, on the other hand, It becomes difficult for the exhaust 
IS gas to pass through the plugs and to use the plugs as part of the filter. 

[0018] The value of M is preferably 25 or less. When this is the case, the effect of using the plugs as part of the filter 
can be fully achieved. 

[001 9] When the proportion of the plugs that have values of M2 in a range of 1 0 < IN42 < 90 is less than 50%. substantial 
filtering effect of the plugs cannot be achieved, according to the second aspect of the invention. 
20 [0020] It Is preferable that 50% or more of the plugs have M2 of values not larger than 25. When this is the case, 
the effect of the plugs to serve as part of the filter can be further improved. 

[0021 1 In the fir^t and second aspects of the invention, the meein length of the plugs Is preferably 5 mm or less. Plugs 
of which the mean length Is larger than 5 mm present a large resistance against the flow of the exhaust gas passing 
therethrough, which may decrease the filtering function. Thus the mean length Is more preferably 3 mm or less. When 
the length is too small, the strength of the plugs becomes insufficient. Thus the mean length of the plugs has a lower 
limit of preferably 0.5 mm. 

[0022] The walls andtheplugs of the exhaust gas purtfylngfiitermay be made of a ceramic material such as cordlerite, 
mulllte, spinel or the like. 

[0023] The walls and the plugs can be provided with a catalyst supported thereon for burning the particulate matter 
30 that has been captured. The catalyst may be. for example, a three-way catalyst, a PM oxidizing catalyst and a NOx 
- occlusion reduction catalyst. 



Example 1 

35 [0024] The example of the exhaust gas purifying filter of the Invention will now be described below with reference to 
Fig. 1 and Fig, 2. 

[0025] The exhaust gas purifying filter 1 of this example is made in honeycomb structure comprising a multitude of 
cells 1 0 each sun^ounded by walls, with each of the cells 1 0 being stopped with a plug on one end thereof, as shown 
in Fig. 1 and Fig. 2. 

40 [0026] The walls 1 1 and the plugs 2 are all made of a porous material. Value of M = (Ut) x (P1/P2) Is In a range of 

1 0 < M < 90. where PI Is the porosity of the walls 11 . P2 Is the porosity of the plugs 2, t Is mean thickness of the walls 

1 1 and L Is mean length of the plugs 2. 

[0027] Now the constitution wilt be described in more detail below. 

[0028] The exhaust gas purifying filter 1 of this example is manufactured by first fabricating the honeycomb structure 
4J from a ceramic material. For this purpose, a cordlerite material is prepared as the raw material. The cordlerite material 
includes kaolin, aluminum hydroxide, alumina, talc, cartDon powder and other components. Proportions of the compo- 
nents are adjusted so as to achieve the final composition of cordlerite that includes SlOg In a range from 46 to 55% by 
weight, AI2O3 from 33 to 42% by weight and MgO from 12 to 18% by weight. Porosity Is controlled by adjusting the 
contents of components such as carbon powder, kaolin, talc and aluminum hydroxide. 
so [0029] After mixing predetermined quantities of the cordlerite material and water, the mixture is formed into honey- 
comb stmcture by extmslon molding using a die. Then the cordlerite material Is placed at the end of selected cells so 
as to fonn the plugs 2. In this example, the plugs 2 were anranged In checkenftrori< pattern. The honeycomb structure 
Is then dried and fired. 

[0030] The plugs 2 can be attached by employing various known methods. 
55 [0031 ] The honeycomb structure (the exhaust gas purifying filter 1 ) thus obtained has 300 cells and the walls 1 1 are 
0.2 mm in thickness. In this example, porosity P1 of the walls 11 is 55%. porosity P2 of the plugs 2 is 70%. mean 
thickness t of the wails 11 Is 0.2 mm and mean length L of the plugs 2 is 4 mm. Thus the value of M Is 1 6. 
[0032] The exhaust gas purifying filter 1 Is provided with a PM oxidizing catalyst for burning the particulate matter 
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supported on the entire surface, namely on the surface of the walls 11 and on the surface of the plugs 2. thereby to 
CO molete the exhaust gas purifying filter. . . 

[OoTs] The exhaust gas purifying filter 1 13 Incorporated in a catalyst converter that Is not shown, and Is used as a 
particulate filter for diesel engines. 
5 [00341 Now the operation and effect of this example will be described below. „ „, «,« oom„c 

0035 In the exhaust gas purifying filter 1 of this example, the walls 1 1 and the plugs 2 were all made of fte porous 
mSl. Po«,srty and siL of thUrnembers were selected 

gas purifying filter 1 to use the plugs 2 as part of the filter when installed in the flow passage of exhaust gas 
KspLlflcally.the exhaust gasSthat IS introduced into the cellslOof the exhaust gas purt^^^^^^ 
10 nto a part that passes through the wall 1 1 1nto the adjacent cell before being discharged, and a partthat passes through 
Se Plug 2 and IS discharged. The particulate matter Included in the exhaust gas 8 is captured by ttje plugs 2 as wel 
i by the wills Tl . The particulate matter that has been captured is burned and removed by the action of the catalyst 

[oX^Th^u-steTxr^^^ 

Of the walls 11 and the surface area ottheplugs 2. and Is largerthan that achieved with the prior art. As a result, the 
exhaust gas purifying filter 1 has purifying perfomnance higher than that of the prior art. , ^, m i« n^r» 

So381 The streng^ of the plugs 2 can also be maintained high enough for practical use. as the value of M Is more 
than 10. 

20 Example 2 

[00391 In this example, a plurality of honeycomb structures simllarto the exhaust gas purifying filter 1 Example 1 
le^ LrtcatKl anTsub^ed to experiments to detemilne the effect of the value of M while changing the porosity, 
size and othertactor. In this example, the honeycomb structures were fabricated similarly to Example 1 . 
2S [00401 values of PI . P2. t and L of the honeycomb structures that were fabricated are shown in Table 1 and TaWa 2^ 
0041 AS shown In the tables. 51 kinds of honeycomb structure were fabricated In thte example having me poros 
PI of the walls lima range from 55 to 70%. the mean thickness of the walls 11 being 0.2 mm or 0.3 mr^. the porosity 
P2 of the plugs 2 in a range from 10 to 70% and the mean length L of the plugs 2 In a range from 2 to 6 mm. 
[00421 Table 1 and Table 2 show the values of M calculated by the equation M = (Ut) x (P1/P2). 
0043 in this example, an experiment was conducted to capture 2 g/llter of partlculate-like soot g^"^^^^^' '^aswrt 
generator. After the experiment, a cross section of the plug 2 located downstream was f ^^^-^^^ JlJ.^" f**"^^^^^ 
microscope, to see whether the soot Infiltrated Inside of the plug. The results are shown ln Tab e 1 and Table 2^ere 
® IndteeSek sufficient Infiltration of soot. O Indicates some Infiltration with an extent lower than the case of ® , A 
Indicates slight Infiltration and X Indicates no infiltration at all. „. ^ or..h„„,»Hth« me.ntftf 

[00441 AS can be seen from Table 1 and Table 2. all samples having value of M higher than 90 showed the msutt o 
X in the soot Infiltration experiment, showing no filtering effect Samples having M less than 90 *owed the resuft o 
® o or A, showing some filtering effect. Among these, those having M of 25 or less showed sufficient .nfiltrat«n of 

[Jo^r wS:; me 'vairS TL than 10. which means short length L of the plugs 2 and high porosity P2. the 
40 Strength of the plug 2 is too low to be practically useful, although this was not shown by the expenment. 
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[00461 The present Invention provides an exhaust gas purifying filter of which the plugs can be used as part of fitter. 
[0047] The exhaust gas purtfying filter of the present Invention has a honeycomb structure comprising a multitude 
of cells 1 0 each surrounded by walls 1 1 . each of the cells being stopped with a plug 2 on one end thereof. The wails 
11 and the plugs 2 are all made of a porous material and value of IVI = {UK) x (P1/P2) Is In a range of 10 < M < 90, 
5 where P1 is the porosity of said walls 11 , P2 Is the porosity of said plugs 2» t is mean thickness of said walls 11 and L 
is mean length of said plugs 2. 



Claims 
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1. An exhaust gas purifying filter that Is made in a honeycomb structure comprising a multitude of cells each sur- 
rounded by walls, each of said cells being stopped with a plug on one end thereof, 

wherein said walls and said plugs are all made of a porous material and the value of M = (1^) x (P1/P2) is 
in a range of 1 0 < IVI < 90, where P1 is the porosity of said walls, P2 is the porosity of said plugs, t is mean tliickness 
IS of said wails and L is mean length of said plugs. 

2. The exhaust gas purifying filter according to claim 1 , wherein the value of M is 25 or less. 

3. The exhaust gas purifying filter according to claim 1 . wherein the mean length of said plugs is 5 mm or less. 

20 

4. An exhaust gas purifying filter that Is made In a honeycomb structure comprising a multitude of cells each sur- 
rounded by walls, each of said cells being stopped with a plug on one end thereof, 

wherein said walls and said plugs are ail made of a porous material, and at least 50% of said plugs have 
values of M2 = (L2/t) x (P1/P2) in a range of 1 0 < M2 < 90. where PI is the porosity of said walls, P2 is the porosity 
25 of said plugs, t is mean thickness of said walls and 1-2 is the length o1 each of said plugs. 

5. The exhaust gas purifying filter according to claim 4, wherein 50% or more of said plugs have the value of M2 not 
higher than 25. 

30 6. The exhaust gas purifying filter according to claim 4, wherein the mean length of said plug Is 5 mm or less. 
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